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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of a thin film transistor, 
especially the manufacture approach of a thin film transistor of having used the silicon thin film. 
[0002] 

[Description of the Prior Art] The thin film transistor (TFT) using a polycrystalline silicon thin film and 
the thin film transistor formed in the polycrystalline silicon excellent in especially the homogeneity of 
membraneous quality are used as load components, such as SRAM (static random access memory) of a 
high resistance-load mold, in order to fully secure a margin of operation, dependability, standby current, 
etc. 

[0003] polycrystalline silicon for example, the usual chemical vapor growth (CVD) -- although it can 
form by law -- especially - crystal grain comparatively size when it is going to form the 
polycrystalline silicon film, it is difficult to form the film which is excellent in the homogeneity of 
membraneous quality, and has high carrier mobility by low leak. On the other hand, after pouring ion 
into a random solid phase grown method or low concentration, ion is alternatively poured into high 
concentration through a resist mask, a crystal growth nucleus is generated, and the alternative growth 
approach of performing low-temperature solid phase growth after this etc. is proposed. Diameter[ of a 
large drop ]-izing of polycrystalline silicon is possible for such a solid phase crystal growth-ized 
(SPC:Solid Phase Crystallization) technique, for this reason, quantity mobility-ization of it is attained, 
and the application-study prototype to the high resistance-load mold SRAM of a TFT laminating 
configuration which was mentioned above etc. prospers. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since it is difficult to grow up a crystal 
alternatively when based on an above-mentioned random solid phase grown method, there is a 
possibility that the channel of a transistor may start the grain boundary, leakage current and threshold 
voltage are made to produce dispersion in this case, and there is a possibility of causing the fall of the 
dependability of a transistor. Moreover, when based on the above-mentioned alternative growth 
approach, there is a possibility of producing the surface contamination by resist covering, ununiformity- 
ization of the membraneous quality by the heterogeneity of a low concentration ion-implantation field, 
etc. 

[0005] On the other hand, these people proposed the approach of irradiating excimer laser light at an 
amorphous semiconductor layer, and generating a crystal growth nucleus in Japanese-Patent- 
Application-No. 3-No. 285702 application previously. The formation approach of a single crystal field 
with an example of this approach is explained with reference to process drawing of drawing 5 A-D. in 
this case, the substrate 1 top which consists of silicon etc. as shown in drawing 5 A -- Si02 etc. - after 
forming an insulating layer 2, the amorphous semiconductor layer 3 which consists of an amorphous 
silicon etc. is formed by a plasma-CVD method etc. on this insulating layer 2. 

[0006] And as shown in drawing 5 B, SiO two-layer 4a and Si layer 4b form the mask layer 4 by which 
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the laminating was carried out, and form in the top face of this amorphous semiconductor layer 3 4h of 
puncturing of the depth which reaches the position of this mask layer 4 at the amorphous semiconductor 
layer 3 by application of a photolithography etc. 

[0007] And as shown in drawing 5 C below, excimer laser is irradiated as an arrow head E shows 
through 4h of this puncturing, and this amorphous semiconductor layer 3 is made to generate the crystal 
growth nucleus 5. By performing low-temperature solid phase annealing treatment after that, a crystal is 
grown up from the crystal growth nucleus 5, and as shown in drawing 5 D, the single crystal field 14 is 
formed. 6 shows a grain boundary. 

[0008] When based on this approach, the single crystal field excellent in quality can be grown up 
alternatively, for example, the grain boundary is not formed in the channel layer of a transistor, but 
leakage current is reduced sharply, mobility can become high, dispersion in threshold voltage can be 
decreased, and improvement in the dependability of a transistor can be aimed at. 
[0009] On the other hand, in order to achieve monolithic-ization in a liquid crystal display (LCD), a line 
sensor, etc., the thin film transistor which consists of the polycrystalline silicon of high mobility is used. 
The horizontal and the vertical -scanning circuit are built in these equipments, and in order to carry out 
high-speed migration of the carrier especially in the scanning circuit, while shortening uniformly 
channel length of the thin film transistor of the scan section, the configuration which makes especially 
the channel width size comparatively with about 20 micrometers is taken. 

[0010] Although it is possible to make particle size of a channel field into size in order to achieve high 
performance-ization of a thin film transistor As mentioned above, when channel width is about 20 
micrometers, it is difficult to consider as a single crystal field over the channel field whole region. 
[ when a grain boundary occurs in the part as shown in drawing 6 , there is a possibility that a grain 
boundary may be generated, in the direction which meets in the extended direction of a channel field, 
i.e., the direction which crosses the migration direction of a carrier, in a certain case and it is based on 
the above-mentioned single crystal field formation approach ] It is difficult to control generating of 
sufficiently such a grain boundary and to obtain high carrier mobility certainly. 
[001 1] This invention controls generating of the grain boundary of the direction which crosses the 
migration direction of the carrier enough also in the thin film transistor which such channel width 
becomes size comparatively, the membraneous quality in a barrier layer is equalized more certainly, 
dispersion, such as the mobility mu of a transistor, is suppressed, and it aims at achieving high 
performance-ization of a thin film transistor. 
[0012] 

[Means for Solving the Problem] As shown in drawing 1 A-C, after this invention forms the amorphous 
semiconductor layer 3 for the 1 production-process Fig. of the example at least on a substrate 1, A 
radiant ray is irradiated, the line extended in the migration direction of a carrier, and the perpendicular 
direction to the field in which the active region of the amorphous semiconductor layer 3 is formed, as an 
arrow head L shows drawing 1 B to a pattern As a broken line A shows, after forming a crystal growth 
nucleus in drawing 1 C at a line, solid phase crystal growth is carried out with low-temperature heating, 
and the single crystal field 14 is formed. 

[0013] moreover, the line extended in the migration direction of a carrier, and the perpendicular 
direction to the field in which the source field or drain field of this amorphous semiconductor layer 3 is 
formed after this invention forms the amorphous semiconductor layer 3 at least on a substrate 1 ~ a 
radiant ray is irradiated at a pattern, as a broken line A shows, after forming a linear crystalline nucleus, 
solid phase crystal growth is carried out with low-temperature heating, and the single crystal field 14 is 
formed. 
[0014] 

[Function] It irradiates as a pattern, the line which extends a radiant ray, i.e., a laser beam, an electron 
ray, or an ion beam in an active region along the direction perpendicular to the migration direction, i.e., 
channel width direction, of a carrier according to this invention as mentioned above -- After forming the 
linear crystal growth nucleus extended in this channel width direction, it is what carries out solid phase 
crystal growth and forms a single crystal field. In this case, a single crystal field grows in the direction 
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which meets in a longitudinal direction, i.e., the migration direction of a carrier, it does not generate in 
the direction which crosses the migration direction of this carrier, but grain boundaries, such as crystal 
transition, can form an active region with good and uniform membraneous quality also in the thin film 
transistor by which channel width is made size. 

[0015] A pattern is irradiated, moreover, the line which extends [ to the source or a drain field ] a radiant 
ray along the channel width direction in this invention similarly in the migration direction of a carrier, 
and a perpendicular direction, i.e., this case, By forming and carrying out solid phase crystal growth of 
the crystal growth nucleus to the line which meets in this direction, it can form with good and uniform 
membraneous quality, without generating a grain boundary in the direction which crosses the migration 
direction of a carrier in an active region similarly. 

[0016] Therefore, since according to these this inventions it can form with good and uniform 
membraneous quality as channel width mentioned the active region above also in the thin film transistor 
comparatively made into size, carrier mobility mu is made with size, and it is the high mutual 
conductance gm. When it is obtained and applies this invention in manufacture of the thin film transistor 
especially in scanning circuits, such as LCD, MONOSHI rucksack-ization of high resolution is attained 
considering clock frequency as a size. 
[0017] 

[Example] Each example of this invention example is explained to a detail with reference to a drawing 
below. The case where irradiate excimer laser in this case as a radiant ray, generate a crystal growth 
nucleus after forming an amorphous silicon thin film, and give low-temperature solid phase annealing 
after that, and a silicon thin film is formed by the case where the formation approach of a silicon thin 
film of having proposed each example in the above-mentioned Japanese-Patent-Application-No. 3 -No. 
285702 application is applied is shown. 

[0018] it is first shown in drawing 1 A -- as -- for example, LPCVD (low-pressure chemical vapor 
growth) -- the top face of the substrate 1 which consists of Si by law - Si02 etc. -- the insulating layer 2 
which changes is formed, then, SiH4 or (mono silane) Si two H6 (disilane) - as reactant gas -- using -- 
LPCVD - the amorphous semiconductor layer 3 which changes from amorphous silicon to the top face 
of an insulating layer 2 is formed in thickness of 40nm by law or the plasma-CVD method. 
[0019] Moreover, it is Si+ to the poly crystalline silicon layer which formed the poly crystalline silicon 
layer in the top face of a substrate 1, and was formed after that with the CVD method at this time. An 
ion implantation may be carried out, this polycrystalline silicon layer may be made amorphous, and the 
amorphous semiconductor layer 3 may be formed, or the top face of a substrate 1 -- Si02 etc. -- the 
amorphous semiconductor layer 3 which changes from amorphous silicon to the substrate 1 which 
changes with quartz glass etc. with a CVD method like an above-mentioned process can also be formed, 
without forming the insulating layer 2 which changes. 

[0020] The mask layer 4 with a thickness of about 500nm which consists of silicon oxide (Si02) layer 
4a and (Silicon Si) layer 4b with a thickness of about lOOnm is formed in the top face of the amorphous 
semiconductor layer 3 by after that, for example, a CVD method. In this case, by irradiating excimer 
laser light, silicon oxide layer 4a selects that thickness so that the heat of the excimer laser by which 
thermal conversion was carried out by silicon layer 4b on this can fully be missed by this silicon layer 
4a. Moreover, silicon layer 4a is selected in the thickness which excimer laser does not penetrate. 
Usually, what is necessary is just about 80nm or more. 

[0021] As shown in drawing 1 B, after applying a resist (not shown) to the top face of silicon layer 4b in 
the top face of the mask layer 4, i.e., this case, by application of a photolithography etc. Next, pattern 
exposure, A resist pattern is formed by development, anisotropic etching, such as RIE (reactive ion 
etching), is performed by making this into a mask, and 4h of puncturing of the depth which reaches the 
amorphous semiconductor layer 3 is prepared in the mask layer 4 which consists of silicon oxide layer 
4a and silicon layer 4b. the line extended in the direction which meets in the direction perpendicular to 
the migration direction, i.e., channel width direction, of a carrier of the thin film transistor which forms 
4h of this puncturing at the below-mentioned process » it forms as a pattern and that width of face is set 
to about 0.8 micrometers or less. When this width of face is set to 0.8 micrometers or more, the field 
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which carries out crystal growth after low-temperature solid phase growth processing serves as 
polycrystalline silicon. 

[0022] As an arrow head L shows drawing 1 B after that, a radiant ray, for example, excimer laser, is 
irradiated through 4h of puncturing of this mask layer 4 at the amorphous semiconductor layer 3. As a 
crystal growth nucleus shows the part by which excimer laser was irradiated with a broken line A, it 
generates in a line. The energy density of excimer laser to irradiate is selected so that this amorphous 
semiconductor layer 3 may not crystallize corresponding to the thickness of the amorphous 
semiconductor layer 3. For example, when the thickness of the amorphous semiconductor layer 3 is 
40nm, they are 60 mJ/cm2. It can carry out. 

[0023] And the single crystal field 14 is formed so that it may spread on both sides of the linear crystal 
growth nucleus which removes with a means by which do not give the mask layer 4 to a degree and a 
damage is not given to the amorphous semiconductor layers 3, such as wet etching and plasma etching, 
for example, gives low-temperature solid phase annealing of 600-degree-C 40 hours in nitrogen-gas- 
atmosphere mind using an electric furnace, and is shown with a broken line A in drawing 1 C. 6 shows 
the grain boundary of the single crystal field 14. 

[0024] and an approximate line-expanded sectional view is shown in drawing 2 after this — as - the 
upper part of the single crystal field 14 -- Si02 etc. -- the gate electrode 8 can be formed through the 
gate insulating layer 7 which changes, the source / drain fields 9s and 9d can be formed in those both 
sides, and the thin film transistor of a top gate mold can be obtained. 

[0025] In this case, as that approximate line-expansion top view is shown in drawing 3 , the gate 
electrode 8 is formed in right above [ of the linear crystal growth nucleus shown with a broken line A ], 
the source / drain fields 9s and 9d are formed in those both sides, and it is made in active-region 9c, i.e., 
a channel field, as [ occur / the grain boundary which crosses the migration direction of a carrier ]. By 
considering as such a configuration, when channel width is comparatively made into size with about 20 
micrometers, carrier mobility in active-region 9c can be certainly made into size. 
[0026] Moreover, in other this invention examples, as the approximate line-expansion top view of that 
example is shown in drawing 4 , a crystal growth nucleus is formed in a source field or a drain field, and 
the field in which 9s of source fields is formed in this case at a line. That is, it makes as [ contain / 
active-region 9c / in the single crystal field which carries out patterning formation of the spacing deltaL 
as 1-2 micrometers 1 micrometer from the crystal growth nucleus which shows the gate electrode 8 with 
a broken line B in this case, forms the source and the drain fields 9s and 9d in those both sides after this, 
and is formed in the both sides of a crystal growth nucleus by spreading / certainly ]. 
[0027] In this case, when the crystal growth nucleus 5 is formed in 9d of drain fields, active-region 9c 
can be similarly made into a single crystal field. 

[0028] In addition, as mentioned above, when forming a single crystal field from a linear crystal growth 
nucleus, there is a possibility that a minute crystal defect may remain in a crystalline-nucleus part, but 
since it does not generate, grain boundaries, such as crystal transition which crosses the migration 
direction of a carrier, can raise the mobility of a carrier enough. However, since generating of the minute 
defect in an active region is certainly avoidable, it is desirable to form a crystal growth nucleus in the 
field in which a source field is formed. 

[0029] Thus, when considering as a pattern long to the formed active-region 9 c channel cross direction, 
can consider as the membraneous quality excellent in homogeneity, and are low leakage current, the 
carrier mobility mu is high, therefore it is a mutual conductance gm. The thin film transistor which 
becomes size can be obtained. Moreover, since the grain boundary does not exist in this active region, 
i.e., a channel field, dispersion in leakage current or threshold voltage can be controlled. 
[0030] In addition, although excimer laser was irradiated in the above-mentioned example and the 
crystal growth nucleus was formed In addition, the approach of pouring [ approach ] silicon ion into 
high concentration in post selection, and generating a crystal growth nucleus which poured silicon ion 
into low concentration, Or while being able to use various approaches, such as an approach of 
generating a crystal growth nucleus by the electron beam or the ion beam, when forming various thin 
film transistors, such as another bottom gate mold of an above-mentioned top gate mold, it cannot be 
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overemphasized that this invention is applicable. 
[0031] 

[Effect of the Invention] As mentioned above, when channel width is comparatively made into size, 
while according to this invention being able to form an active region with good and uniform 
membraneous quality and being able to obtain low leakage current and high carrier mobility, dispersion 
in the leakage current and threshold voltage can be controlled by the ability making a mutual 
conductance into size, and a reliable thin film transistor can be obtained. 



[Translation done.] 



http : //www4 . i pdl .ncipi . goj p/cgi -bin/tran_web_cgi_ej j e 



2/15/06 



JP,06-0371 12.A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows th e W ord which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the production process Fig. of this invention example. 

[Drawing 2] It is the approximate line-expanded sectional view of an example of a thin film transistor. 
[Drawing 3] It is the approximate line-expansion top view of an example of a thin film transistor. 
[Drawing 4] It is the approximate line-expansion top view of other examples of a thin film transistor. 
[Drawing 5] It is the production process Fig. of an example of the formation approach of a single crystal 
field. 

[Drawing 6] It is the 1 production-process Fig. of an example of the formation approach of a single 
crystal field. 

[Description of Notations] 

1 Substrate 

2 Insulating Layer 

3 Amorphous Semiconductor Layer 

4 Mask Layer 

5 Crystal Growth Nucleus 

6 Grain Boundary 

7 Gate Insulating Layer 

8 Gate Electrode 
9c Active region 
9s Source field 
9d Drain field 

14 Single Crystal Field 



[Translation done.] 
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ABSTRACT : 

PURPOSE: To improve the performance of a thin film transistor by 
sufficiently suppressing the generation of grain boundaries in the 

direction 

crossing the moving direction of carriers so that the film quality of an 
active 

layer can be surely made uniform and the fluctuation of mobility, etc., of 



transistor can be suppressed even when the transistor has a relatively 
large 

channel width. 

CONSTITUTION: After forming at least an amorphous semiconductor layer on 

a 

substrate 1, crystal growing nuclie are formed linearly in the area where 
the 

active area of the layer 3 is formed by irradiating a linear pattern 
extended 

in the direction perpendicular to the moving direction of carriers with 
radiation ray and a single -crystal area 14 18 formed by growing a solid- 
phase 

crystal from the core by low-temperature heating. 
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